
THE THREE DIFFERENT KINDS OF BOUNDARIES

1)   Divergent Plate Boundaries or Constructive Plate Margins  

These are oceanic ridges where new 
oceanic  lithosphere  is  created  by 
upwelling  mantle  that  melts, 
resulting in basaltic  magmas which 
intrude and erupt at the oceanic ridge 
to  create  new  oceanic  lithosphere 
and crust.
As  new  oceanic  lithosphere  is 
created,  it  is  pushed  aside  in 
opposite directions. Thus, the age of 
the  oceanic  crust  becomes 
progressively  older  in  both 
directions away from the ridge. Because oceanic lithosphere may get subducted, the age of 
the ocean basins is relatively young. The oldest oceanic crust occurs farthest away from 

a ridge. In the Atlantic Ocean, the oldest oceanic crust  
occurs next to the North American and African continents 
and  is  about  160  million  years  old  (Jurassic).  In  the  
Pacific Ocean, the oldest crust is also Jurassic in age, and 
occurs off the coast of Japan.
Because the oceanic ridges are areas of young crust, there 
is  very  little  sediment  accumulation  on  the  ridges.  
Sediment thickness increases in both directions away of  
the ridge, and is thickest where the oceanic crust is the  
oldest.
Knowing the age of the crust and the distance from the  
ridge,  the  relative  velocity of  the  plates  can  be  
determined.  Relative  plate  velocities  vary  for  different  
plates.
If the spreading rate (relative velocity) is high, magma  
must be rising rapidly and the lithosphere is relatively hot 
beneath  the  ridge.  Thus  for  fast  spreading  centers  the  
ridge stands at higher elevations than for slow spreading 
centers.  The  rift  valley  at  fast  spreading  centers  is  
narrower than  at  slow  spreading  centers.
As oceanic  lithosphere  moves away from the ridge,  it  
cools and sinks deeper into the asthenosphere. Thus, the 

depth of the sea floor increases with increasing age away from the ridge.
In addition, as the plate moves away from the ridge, it becomes increasingly thicker  and 
denser.

Divergent boundaries can develop also within a continent,  where plate motions produce 
opposite  forces  that  pull  and  stretch  the  litosphere,  promoting  mantle  upwelling  and 
generating an elongated depression called continental rift. It can eventually widens to form a 



narrow sea and then a new ocean basin. 
An example is the East African Rift, where 
tensional forces have stretched and thinned 
the  litosphere,  allowing  molten  rocks  to  
ascend from the mantle. Perhaps in future  
the rift valley will become a narrow sea. The 
Red Sea, which formed when the Arabian  
Peninsula split from Africa, could be formed 
in this way.

The most impressive manifestation of effusive volcanism is associated with the mid-ocean 
ridges. The magmas responsible for this volcanism originate directly from the mantle. The 
lava produced at the spreading centers is basalt, and is usually abbreviated MORB (for Mid-
Ocean Ridge Basalt). MORB is by far the most common rock type on the Earth's surface, as  
the entire ocean floor consists of it.
Most of this volcanism is submarine volcanism. One place where an oceanic ridge reaches 
above sea level is at Iceland, along the Mid-Atlantic Ridge. 
Mid-ocean ridges are also the locations of many earthquakes; however, they are shallow and 
generally of small magnitude, with focal depths less than about 20 km.
Volcanism also occurs in continental areas that are undergoing episodes of rifting: in fact in 
East  Africa we find several  large volcanic mountains,  including Mount Kilimanjaro and 
Mount Kenya, the tallest peaks in Africa.

2)   Convergent plate boundaries or     Destructive   Plate Margins  

Based on the type of crustal material involved, convergent boundaries can form between a 
oceanic and a continental plate, two oceanic plates and two continental plates.

2a) Oceanic-  C  ontinental convergence  



When a plate of oceanic lithosphere collides with a continental plate moving in the opposite 
direction, the denser oceanic plate subducts beneath the other, while the buoyant continental 
block remains floating.
Where this occurs the sinking plate  descends into the mantle,  becomes a subduction zone 
and an oceanic trench forms on the sea floor.
Sediment deposited along the convergent margin, and particularly that in the trench will be 
deformed by thrust faulting. This will break the rocks up into a chaotic mixture of broken, 
jumbled,  and  thrust  faulted  rock  know  as  an  accretionary  prism  or  wedge,  that   is 
comparable to a wedge of soil being scraped and pushed in front of an advancing bulldozer. 
Beteween  the  accretionary  wedge  and  the  volcanic  arc  there  is  a  region  composed  by 
sedimentary rocks called forearc basin.
As the oceanic plate subducts, it begins to heat up causing the release of water into the 
overlying mantle asthenosphere. The water reduces the melting temperature and when the 
descending oceanic slab reaches a depth of about 100 Km, it  results in the production of 
magmas.  These  magmas  rise  to  the  surface  and  ascending  through  the  crust  create  a 
continental  volcanic arc  along the margin of a continent  parallel to the trench (also called 
cordillera).

The Cascades of the western U.S.  and the Andes mountains of the South America  are the 
products of molten rocks generated by the subduction of the Pacific Plate beneath the North 
American continent and of the Nazca plate beneath the South American continent.
These mountain systems are characterized by explosive eruptions with anatexis magmas.

The regions around the trenches experience great  
earthquakes  that  originate  along  the  subduction  
plane, that is also called Wadati-Benioff plane. The 
Plate Tectonics earthquakes may extend down to  
depths of 700 km before the subducting plate heats 
up  and  loses  its  ability  to  deform  in  a  brittle  
fashion.

 



2b) Oceanic-Oceanic convergence 

When two oceanic slabs converge, one descends beneath 
the other, creating a subduction zone and a oceanic trench 
by the same mechanism.
In this setting, volcanoes grow up from the ocean floor  
rather  than  on  a  continental  platform  and  subduction  
eventually  builds  a  chain  of  volcanic  structures  large  
enough  to  emerge  as  islands.  The  newly  formed  land  
consisting of an arc-shaped chain of volcanic islands is  
called volcanic island arc,  generally  located 100 to 300 

Km from a deep ocean trench. Most volcanic island arcs are located in the western Pacific,  
such  as  the  Japanese,  the  Aleutian,  the  Philippine,  the  Indonesian  islands  and  Alaskan 
Peninsula.
Less  are  located  in  the  Atlantic:  the  Antilles  arc  and  other  Caribbean  islands  and  the 
Sandwich islands, located off the tip of South America.

c) Continental-Continental convergence



The  third  type  of  convergent  boundary  results  when  one  land-mass  moves  toward  the 
margin of another and a collision between two converging continental fragments ensues. 
This event folds and deforms the accumulation of sediments and sedimentery rocks along 
the  continental  margins as if  they had been placed in a gigantic vice.  The result  is  the 
formation of a new mountain belt composed of deformed sedimentary and metamorphic 
rocks that often contain slivers of oceanic crust (called ophiolite). Processes that collectively 
produce a mountain belt are called orogenesis.

Such a collision began about 50 million years ago, when the subcontinent of India rammed 
into Asia,  producing the Himalayas, the most spectacular mountain range on Earth. The 
tectonic forces involved in the collision were immense and caused the more deformable 
materials located on the seaward edges of these landmasses to become highly folded and 
faulted. Several other major mountain systems, including the Alps, Appalachians and Urals 
formed as continental fragments collided. The zone where two continents collide and are 
welded together, often with the closure of an ocean basin interposed, is called a suture.



THE CRUSTAL ACRESCION

A special  way of  mountain  building is  the  crustal  accretion:  
small crustal fragments are carried along until they collide with a 
continental  margin.  Geologists  refer  to  these  accreted crustal  
blocks as terranes. The term terrane is used to describe a crustal 
fragment that consists of a distinct and recognizable series of  
rock  formations  that  has  been  transported  by  plate  tectonic  
processes.  Some  of  these  fragments  may  have  been  
microcontinents similar to the modern-day island of Madagascar. 
The  correlation  between  mountain  building  and  accretion  of  
crustal fragments arose primarily from studies conducted in the 
North America Cordillera of Alaska and Canada.

THE ACTIVE AND PASSIVE MARGINS

The continental margins are also divided into active and passive. 
Active ones coincide with the plate boundaries and correspond to 
the  subduction  areas  beneath  the  edge  of  the  continent.
Passive ones correspond to the areas where the continental crust is 
joined to the oceanic crust but not on the margins of the plates, so 
they have poor volcanic and seismic activity. The East coast of the 
United States provides a modern example of a passive continental 
margin  where  sedimentation  has  produced  a  thick  platform  of 
shallow water sandstones and shales.



3)   T  ransform or Conservative     Plate   B  oundaries  

Where lithospheric plates slide past one another in a horizontal manner, without producing 
or destroying lithosphere, a transform fault is created. Earthquakes along such transform 
faults are shallow focus earthquakes.

One  of  the  largest  such  transform  boundaries 
occurs along the boundary of the North American 
and  Pacific  plates  and  is  known  as  the  San 
Andreas Fault  of California.  Here the transform 
fault  cuts  through  continental  lithosphere:  the 
Pacific plate is moving toward the northwest with 
a speed of 5 cm per year and if this movement 
continues, the part of California west of the fault 
zone,  including  the  Baja  Peninsula  of  Mexico, 
will  become an island off the west coast of the 

United States and Canada. However,  a more immediate concern is the earthquake activity 
triggered by movements along this fault system.

Most  fracture zones  on the  sea floor  are also called  transform faults:  they occur where 
oceanic ridges are offset, producing a step like plate margin. Such offset occurs because 
spreading takes place on the spherical surface of the Earth, and some parts of a plate must 
be  moving at  a  higher  relative  velocity  than other  parts.  Also different  parts  expand at 
different rates for different amounts of lava emitted by underwater volcanoes.



THE OROGENIC CYCLES

The first orogeny is called Huronian, and occurred at the end of Archeozoic: it gave rise to 
the  current  Canadian  Shield  and  the  Baltic  Shield:  here  the  old  mountain  ranges  have 
suffered  erosion  and metamorphism that  gave  them the  current  flat  and rigid  structure, 
where  only  isostasy  episodes  occur.  Later  in  the  Silurian,  Caledonian orogeny  created 
another chain of mountains in the Baltic area. 
In  the  Carboniferous,  Hercynian orogeny  created  French Central  Massif,  Vosges,  Black 
Forest and reliefs in Central Europe. The latest orogeny, the Alpine one, which began in the 
Cretaceous  and  it  is  still  in  place  raised  Atlas  in  Africa,  Pyrenees,  Alps,  Apennines, 
Carpathians,  Dinaric  Alps  in  Europe,  Caucasus  and  Himalayan  chain  in  Asia,  Pacific 
Cordillera, Rockies and Andes in America.

ITALIAN GEOLOGY

Alps and Appenines are the result  of  the compression exerted by the African plate that 
prompted and continues to push against the gigantic Eurasian plate: so the edges of the two 
plates became crumpled, curly and deformed.

 As the two plates slide one beneath the other, the 
Alps  were  created  before  (about  100  million 
years ago) and the Apennines in a second time 
(about 20 million years ago).
The  African  plate  is  moving  in  a  northeasterly 
direction, toward the Eurasian, and pushes to the 
north  eastern  and  central  Alps.  The  boundary 
between  the  two  plates  passes  north  of  the  Po 
Valley  area,  composed  of  the  remote  Tethys 
Ocean floor sediments and alluvial ones of the Po 
and its tributaries. This boundary corresponds to a 



tectonic lineament, called Periadriatic Line (which also crosses Friuli), which is a seismic 
zone because of the strong pressure which is subjected to.

At the same time the expansion of the Tyrrhenian Sea pushes our country to east, toward the 
Balkans. The strong compression along the eastern edge causes the formation of large folds 
and pushes the Apennines against the Dalmatian coast at a rate of 1 mm per year.
These  movements  and  these  compressions  in  future  will  lead  to  the  closure  of  the 
Mediterranean Sea, when Africa and Europe will become a single continent. 



MANTLE PLUMES AND HOT SPOTS

Mapping volcanic islands in the Pacific Ocean revealed several linear chains of volcanic 
structures. The Hawaiian Island-Emperor Seamount Chain consists of at least 129 volcanoes 
that extend from the Hawaiian Islands to Midway Island and continue toward the Aleutian 
Trench.  Radiometric  dating  revealed  that  the  volcanoes  increase  in  age  with  increasing 
distance from the Big Island of Hawaii. A cylindrically shaped upwelling of hot rock, called 
a mantle plume, is located beneath this island. The surface manifestation of this activity is a 
hot spot, an area of volcanism, high heat flow and crustal uplifting. As the Pacific plate 
moved over a hot spot, a chain of volcanic structures known as a hot spot track was built. 
Inactive volcanoes now form the oldest islands; by contrast, the relatively young island of 
Hawaii exhibits many fresh lava flows and one of its five major volcanoes, Kilauea, is still  
active today.



CONVECTION DRIVES PLATE MOTION

From seismic wave velocities we know that the asthenosphere behaves in a ductile manner: 

even though it consists almost entirely of solid rock, it is hot and weak enough to exhibit a 

slow, fluid-like convective flow behaving, like a liquid which convects.

Convection is a mode of heat transfer wherein the heat moves with the material: it is caused 

when material that occurs at a deeper level is heated to the point where it  expands and 

becomes less dense than the material above it; when this occurs, the hot less dense material 

rises. In a confined space, rising hot material will eventually cool and become denser than 

its surroundings: this cool dense material must then sink. This gives rise to convection cells, 

with hot rising currents and cool descending currents.



If the asthenosphere is in fact moving as a result of convection, then convection could be the 

mechanism responsible for plate tectonics.

Hot rising currents would occur beneath oceanic ridges. Magma intruding into the ridge 

would push lithosphere apart at the ridge: this force is called ridge push.

The  phenomenon  called  slab  pull,  on  the  contrary,  occurs  when  cold  slabs  of  oceanic 

lithosphere are pulled down into the mantle by gravity.

WHOLE MANTLE CONVECTION MODEL OR PLUME MODEL

Most reaearchers think that cold oceanic lithosphere sinks 

to great depths and stirs the entire mantle; this downward 

flow is balanced by buoyantly rising mantle plumes that 

transport hot material toward the surface and arise mainly 

from the core. 

They propose two kinds of plumes:

1) narrow plumes that extend from the the core-mantle boundary and that are thought to 

produce hot spot volcanism of the type associated with the Hawaiian islands, Iceland and 

Yellowstone;

2) giant upwelling or large mega-plumes, that occur mainly beneath the Pacific basin and 

southern Africa.



LAYER CAKE MODEL

Some researchers argue that the mantle resembles a layer cake divided at a depth of perhaps 

660 Km, but not more than 1000 Km. This model contemplates two zones of convection: a 

thin  dynamic  layer  in  the  upper  mantle  and  a  thicker  sluggish  one  located  below,  that 

doesn’t provide material to support volcanism. A very little mixing between these two layers 

is thought to occur.


